We calculate the non-forward quark matrix elements for operators with two covariant derivatives in one-loop lattice perturbation theory using Wilson fermions. These matrix elements are needed in the renormalisation of the second moment of generalised parton distributions measured in lattice QCD. For some commonly used representations of the hypercubic group we determine the sets of all mixing operators and find the matrices of mixing and renormalisation factors.
In recent years generalised parton distributions (GPDs) have been intensively studied both in experiments and theoretically [1] to extend our knowledge of hadron structure. However, the direct experimental access to GPDs beyond the limiting cases of distribution functions and simple form factors is limited. Therefore, it is indispensable to obtain complementary information from lattice QCD calculations.
On the lattice we can compute matrix elements of local composite operators, and moments of GPDs can be related to such matrix elements taken between states of different nucleon momenta and spins. First results for moments of GPDs have been published recently [2] , see also [3] , and soon results from improved calculations should become available.
In order to relate lattice measurements to continuum quantities we have to investigate the renormalisation and mixing of the operators involved. When non-forward matrix elements are studied, new features arise, which make a reconsideration of the renormalisation problem neces- * Talk sary. In particular, the mixing with "external ordinary derivatives", i.e. with operators of the form ∂ µ ∂ ν · · · (ψ · · · ψ), needs to be taken into account. On the lattice the mixing patterns are usually more complicated than in the continuum, because covariance under the hypercubic group H(4) imposes less stringent restrictions than O(4) covariance. The necessity to consider also external ordinary derivatives enlarges the set of contributing operators even further. These complications do not yet arise for operators with zero or one covariant derivative. Hence for these moments the renormalisation factors can be taken over from the forward case.
Here we investigate the renormalisation problem for operators with two covariant derivatives sandwiched between off-shell quark states at different momenta within the framework of one-loop lattice perturbation theory and report on first results [4] . We use the Wilson plaquette gauge action with Wilson fermions and perform the calculations in Feynman gauge.
Let us first discuss renormalisation and mixing in general. Denote by Γ j (p ′ , p, µ, g R , ǫ) (with j = 1, 2, . . . , N ) the dimensionally regularised ampu-tated vertex functions of N mixing operators O j , p and p ′ are the quark momenta. The corresponding Born terms are denoted by Γ B j (p ′ , p). The renormalised coupling constant g R is related to the bare coupling g by g
, where µ is the renormalisation scale. In the MS scheme the corresponding renormalised vertex functions are given by
where f j is the finite one-loop contribution. All O(g 4 R ) contributions are neglected. In the absence of mixing with lowerdimensional operators the vertex functions regularised on a lattice with lattice spacing a are
The relation between Γ L k and the MS renormalised vertex functions Γ R j is given by
where the matrix ζ is found to be
with the constants c
Mixing with lower-dimensional operators leads to the appearance of additional terms on the r.h.s. of Eq. (2), for details see [4] . The operators potentially contributing to the mixing have to transform identically according to a given irreducible representation of O(4) or H(4) and should have the same charge conjugation parity.
In terms of the quark wave function renormalisation constant Z ψ and the matrix Z jk of mixing and renormalisation coefficients, the connection between the bare lattice vertex functions and the MS renormalised vertex functions can be written as
Using the known Z ψ ,
with σ L = 11.8524 for Wilson fermions, we find
with
. The one-loop computation has been performed symbolically, adopting and significantly extending a Mathematica program package developed originally for the case of moments of structure functions using Wilson [5] , clover [6] and overlap fermions [7] . Using that approach we have full analytic control over pole cancellation. The Lorentz index structure of the matrix elements is left completely free, so that we are able to construct all representations of H(4) for the second moments in the non-forward case.
We have to deal with operators of the following general types (
and similarly for operators with γ µ γ 5 . In lattice momentum space we realise the operators with non-zero momentum transfer q (showing as an example an operator with one covariant derivative) through ψ
Eq. (10) basically defines the Feynman rules in lattice perturbation theory. Consider now the following operator:
(11) Table 1 The finite mixing part for the operators O 1 , . . . , O 6 in (11), (13).
with charge conjugation parity C = −1 and corresponding to the representation τ
1 of H (4). We use the notations [8] : 
